thought arises that these two blood diseases must have some setiological relationship.
Why is it that these diseases are absent from the natives of Java ? According to the current theories, we find that in both we are dealing first with a deficiency disease and secondly that each is caused by a disorder in the gastro-intestinal tract. We doubt a deficiency to be the cause of these diseases when we find that they occur so frequently among the Europeans while they spare the native population in which various avitaminoses are far more common. If they are avitaminoses they must implicate a quite different class of substances from those previously studied.
In an extensive series of dietary experiments on animals we have succeeded in producing various aneemic conditions. These were chiefly anaemias of an aplastic character; others were of a haemolytic type, but never with the clinical picture of pernicious anaemia. The administration of linolenic acid by intravenous or intramuscular injection caused an aneemia which somewhat resembled pernicious anaemia but in other respects showed some features of blackwater fever. In European literature the frequent connection between achylia gastrica and pernicious anemia has been emphasized. We often see the former condition in Java among the native population; a considerable proportion of our hookworm patients suffer from achylia gastrica, in some cases of a histamine-refractory type. But, apart from ankylostoma infection, we find in Java numerous cases of achylia gastrica, with and without anaemia, positive or negative to histamine stimulation, but never with the blood picture of pernicious anaemia. The relation of achylia gastrica to a simple rather than to the pernicious type of antemia is now generally recognized in Europe, and in Java we term this common condition chlorosis chronica cum achylia gastrica. During pregnancy only the blood picture may change to the pernicious type; I have seen this occur in European but never in native women.
In both sprue and pernicious anaemia, the factors of diet and intermediate metabolism are prominent, and it would be of great importance to investigate which factor-dietary or constitutional-is responsible for their different incidence among a varied population. Work on these lines would give us a better insight into their ttiology.
Here I wish to draw your attention to the fact that a consideration of geographical distribution shows us that-pernicious anaemia occurs less frequently among the peoples living in southern countries. The following table gives the mortality in the countries indicated without discrimination of race, thus including native-born and immigrants. Blackwater fever.-The subject of blackwater fever was discussed last October1 at the Royal Society of Tropical Medicine and Hygiene, and Professor Warrington Yorke rightly observed that it was necessary to know more about the mechanism of this disease; the question of hsemoglobinaemia had scarcely been fully investigated, and until more was known it was not reasonable to hope for important improvements in treatment.
What we know with certainty about this disease is that part of the blood is destroyed and appears as haemoglobin in the urine, or is converted within or outside the liver into bilirubin. We must accept the fact that we have to deal with a haemolysis that occurs either in the blood-stream or in certain organs. Little is known about the halmolysins responsible. While the presence of autohaemolysins has been demonstrated in the blood and organs by various authors (Nocht and Kessler) this does not carry us really further, since a normal auto-haemolysis takes place every day in a healthy organism. The lifetime of the erythrocytes is limited; daily a destruction and regeneration occur-a process which involves autohaemolysis.
In blackwater fever we may inquire " where does the haemolysis take place ?" The majority of writers nowadays agree that haemolysis occurs in the blood-stream, postulating a halmoglobinaemia which must precede the excretion of blood-pigment by the kidneys as hamoglobinuria or as bilirubin by the liver.
Berthier, who examined the blood-serum, found only very faint oxyhaemoglobin bands in the spectrum, and so did Hijmans van den Bergh. The latter observer pointed out the remarkable fact that on days when the urine was uncoloured the bands in the spectrum of the serum showed the same faint appearance. Bignani has never been able to demonstrate any trace of hamoglobin, though Plehn asserts its prIesence. Castellani remarks on the extraordinary colour of the serum, but does not believe that haemoglobin is present. Ziemann says that methasmoglobin can be shown to be present, but does not know whether it is formed inside the red corpuscles or after they are hbemolysed.
I have examined many cases of blackwater fever, but have never found a really clear ha3moglobinemia. In some patients there was none, but in most I could obtain the oxy-himoglobin bands, though seldom very distinctly. Now and then one finds the bands of methamoglobin, but only in fatal cases; consequently I consider that this finding indicates a grave prognosis.
I have made numerous experiments to determine how high must be the concentration of hwmoglobin in the plasma before excretion in the urine takes place. This concentration varies considerably, but in every case the rose-pink colour of the hbemoglobin in the serum can be recognized at once without the need of a spectroscope. By the injection of small quantities of linolenic acid in a rabbit such a severe h,%molysis can be produced that it results in a definite htemoglobinaemia, and only when this becomes very obvious is the kidney threshold passed and haemoglobinuria ensues. This point can be ascertained even more simply by dietary experiments. If one places rabbits on a diet rich in lecithin, as indicated by Hamburger and Brinkman, such an intense destruction takes place that the serum becomes clearly hamolytic, and the oxyhemoglobin bands show up distinctly.
Thus from clinical observations and animal experiments one is forced to conclude that heemolysis in blackwater fever does not take place in the blood-stream. When so little free hsemoglobin is to be found in the circulating blood while the kidneys excrete such large quantities, there is no other possibility than that the erythrocytes are destroyed in the kidneys. The other disturbances of the renal functions which occur during blackwater fever, and the frequently severe pains in the loins seem to substantiate this view.
A second question now arises: What is the cause of icterus in blackwater fever? As we do not find hmoglobin in the serum, it is improbable that the heemoglobin is conducted from the place of destruction (the kidneys) to the liver, to be converted into bilirubin. It is a plausible supposition that erythrocytes are also destroyed in the spleen and liver itself, and the haemoglobin thus freed converted into bilirubin. In certain diseases commonly associated with htemoglobinuria we find that icterus may appear without haemoglobinuria, thus indicating that the liver and spleen alone may take part in the process of red cell destruction. We therefore quite agree with the opinion expressed by Warrington Yorke that "the hwmolysis which occurred might be in the spleen and certain other organs which are rich in reticulum." I will conclude this short discussion on blackwater fever by observing that it seldom appears among the indigenous population of Batavia, but occurs most frequently among the newcomers-immigrated Europeans, Japanese and Chinese.
Ankylostomiasis.-Though our knowledge of the hookworm has made considerable progress in the last twenty years, and we are better informed on its development and mode of penetration into the human body, there is yet a great difference of opinion with regard to the origin of the anaemia, the cardinal feature of the disease produced.
Of the different theories I will mention only the most interesting: (a) The chronic loss of blood through the intestinal canal. (b) The action of toxins secreted by the worms or larvae. This toxic secretion might lead to anenmia in two ways.
(1) By a hemolytic property, through which the blood of the host would be dissolved.
(2) By some injurious influence on the organism, specially detrimental to the bhmopoietic organs, causing thereby an aplastic antemia.
When anaemia is due to chronic loss of blood through the intestine, one will be able to find with some regularity a fair amount of blood in the stools. During our investigations we could demonstrate by chemical tests the presence of blood in the frces of the majority of our cases, but not in all. After expulsion of the worms the reaction becomes negative or sometimes remains faintly positive. Trial in healthy persons, by administration of blood per os, showed that no more than 2 or 3 c.c. per diem was necessary to give reactions of the same intensity as those obtained from cases of ankylostomiasis. This quantity is indeed very small if one compares it with the quantity of blood that is daily destroyed physiologically and replaced in a healthy person, and also with the amount that patients can lose from other causes without developing ant%mia.
Experiments on animals illustrate this point. From a sheep having about 31 litres of blood one may draw off 100 c.c. of blood every week without causing anaemia. This experiment was continued for four years, the animal being examined at regular intervals and remaining in prime condition, and at the end of this period the blood picture was absolutely normal. Although it is ascertained that in cases of ankylostomiasis a small but regular loss of blood does occur, this small loss is by no means sufficient to explain the resulting anmmia. Moreover, if chronic loss of blood be regarded as the sole cause of the anamia, we must attribute other symptoms present to some factor directly dependent on the ankylostoma. Some partisans of the intoxication theory are of opinion that there is a toxic excrement of the hookworm, which possesses a hemolytic quality. Here again investigation shows that this theory is untenable. With ansemias accompanied by increased haemolysis we find a rise in the bilirubin content of the serum and an increased excretion of urobilin in the fwces and urine. Asikin has determined the serum bilirubin in a large number of ankylostoma cases in our clinic and has never found an increase. On the contrary, the figures were considerably lower than normal, as is the case with aplastic anaemias. Further, the daily excretion of urobilin in the faeces was always considerably less than in normal persons-a feature which also tells against a hamolytic but in favour of an aplastic anemia. Moreover, pathological study has never revealed deposits of iron in the various organs as are invariably found in hwemolytic anaemias.
Thus we can conclude that there is no increased hbemolysis in ankylostomiasis; on the contrary the low values demonstrate that the destruction of blood is less than normal and point rather towards an aplastic condition, an injury of the bone-marrow.
Blood regeneration.-We have studied the regenerative power of the bone-marrow in the following ways:. (a) By estimation of the daily excretion of urobilin in faeces and urine. (b) By the primary and secondary hbemolysis test (Brinkman and Van Dam). (c) By enumeration of the reticulocytes. (d) By investigation of the influence of different foods. Our object has been to investigate the physiology of blood destruction and regeneration and to discover those factors which regulate the rate of blood metabolism of the red cells, especially in tropical countries.
Each blood-corpuscle has a certain lifetime, after which it disappears from the circulation and is replaced.
It is rational to believe that first the old cell dies off, and the appearance of a new cell is secondary. According to Miyagawa's theory of auto-regulation and direct action, supported by a number of investigations, one concludes that the dying erythrocyte or its components furnish the most important impulse to the formation of a new cell. Heamolysis and regeneration are in a state of equilibrium, so that the number of erythrocytes remains normally constant. Both young and old cells are found in the blood and they may be divided into groups of different ages by the hsemolysis test; the youngest cells are the most resistant; the oldest haemolyse first. According to the literature, the life of a red corpuscle may vary from 10 to 150 days. This wide difference does not depend on differAnt methods of assessing the age, but is obtained by use of the same method. 766 in No single method gives us absolute values. In our own investigations in Batavia we used the Terwen method and applied Lichtenstein's calculations. In this method the total quantity of urobilinogen daily excreted in the faeces is determined and from this figure the corresponding quantity of he%moglobin is calculated. This calculation rests on the assumption that all the hemoglobin is converted into urobilin and is excreted with the bile or urine, so that nothing remains of the haemoglobin except the iron to be used for the formation of the new red cells. No proof of this supposition exists and it is quite possible that the process of demolition is really more extensive than that calculated. One only obtains relative values, and the age calculated by this method is far too great if all the haemoglobin be not excreted as urobilin. However, the method is valuable for purposes of comparison and is a good index of the general rate of blood destruction. Lichtenstein found in Holland that the normal quantity of urobilin excreted in the faeces per diem lies between 125 and-150 mgm. and does not exceed 200 mgm. According to his calculations a person consumes his own blood in 140 days on an average. In pathological states the excretion increases and the estimated life-span of the erythrocytes may be reduced to seven or eight days, as is observed in cases of pernicious anamia. In ten healthy native males we found an average excretion of 115 mgm. over a period of ten days, which corresponds to a maximum lifespan of 174 days. In five fairly severe cases of ankylostomiasis the excretion was even less and a span of 212 days indicated, so thau in this disease there appears to be a mnuch slower rate of blood destruction than normal.
In different healthy persons and at different times in the same individual we may find by this technique that the lifetime of the erythrocytes is subject to considerable fluctuations, though examination of the blood shows a normal picture. If we accept the results of the urobilin estimation as indicating that the amount of blood destroyed is variable, then it appears that the regeneration of fresh blood always keeps pace with the destruction and the equilibrium is preserved.
As the result of various investigations I believe that the diet exercises a great influence on the rate of blood destruction and regeneration, and that variations in the term of life of the erythrocyte in different persons may be explained, at least in part, by a difference in diet.
Resisting power of corpuscles.-Before considering the effect of diet in more detail I wish to refer to the new method for determining the resisting power of the corpuscles to hemolysis, as practised by Brinkman, Van Dam and Hamburger. This method depends on the great importance of the lipoid layer that envelops the erythrocyte. Here cholesterin and lecithin are found together in a certain mutual ratio. These two substances of the same group are completely antagonistic, both in a physico-chemical and biochemical respect. Thus the phosphatid lecithin causes a prompt and complete haemolysis which can be inhibited by the addition of cholesterin. Numerous ha3motoxic substances are activated by lecithin, inactivated by cholesterin. The presence of both substances results in a kind of equilibrium, expressed by a ratio cholesterin/lecithin-the coefficient lipocytique. The lecithin of the human blood is adsorbed at the surface of the erythrocyte but its haemolysing effect is neutralized by the cholesterin content. Later investigations have taught us that this hamolytic activity is not a property of pure lecithin but of a higher unsaturated fatty acidprobably linolenic acid, a substance which is found in the biochemistry of fat and phosphatid metabolism.
When the red blood-corpuscles are washed in a physiologically balanced saline solution (Ringer's) or a solution of sodium sulphate (Hamburger's method) a large part of the lecithin can be removed. By this means their resisting power is considerably increased. If the lecithin of this wash be added again to the red cells their resistance returns to their original proportions. If still more lecithin be added the resisting power diminishes still further, dropping far below normal. By this washing off 41 767 process the cholesterin is not affected. But if one uses an isotonic glucose solution the reverse happens; the lecithin remains attached to the cells while the cholesterin partly passes into solution. By thus washing with glucose the haemolytic resisting power is much diminished.
On these principles Brinkman and Van Dam have based their test in which they determine the dilution necessary to secure hwmolysis of the corpuscles (a) in the fresh condition, (b) after washing three times in Ringer. The curve representing the resistance of the washed cells to htmolysis is termed the primary resistance and corresponds to the condition of the corpuscles on leaving the bone-marrow, the lecithin that has been adsorbed during their sojourn in the blood-stream having been removed. The resistance of the unwashed cells is lowered by their adsorbed lecithin and is called the secondary resistance. The difference between these two curves of resistance to total haemolysis expresses the proportion of young resistant erythrocytes present.
The haemolytic power of the lipoid layer of the corpuscles is expressed in the quotient It has been determined by Bloor and his school, by Mayer and Schaeffer, Ferroine, Wacker and Hueck that, with rabbits, this coefficient is governed by the diet.
Effect of diet .-Brinkman and Van Dam found that in fasting animals and in rabbits fed only on grass and turnips the resistance increases but that regeneration diminishes at the same time. If a nourishing diet rich in lecithin be given (e.g. pure oats), intravital haemolysis increases rapidly and may become so great that the serum is distinctly pink in colour. But at the same time such an active regeneration is developed that the number of erythrocytes remains practically constant. This property of diets we have studied further. If one bleeds a grass-fed rabbit, it takes a fairly long time before the blood condition again becomes normal. If the experiment be repeated on a rabbit fed on oats, a large number of reticulocytes appears and the number of red cells is restored in half the time taken by the grass-fed animal. The addition of commercial lecithin to a turnip or grass diet has about the same effect as a pure diet of oats. In this way one arrives at the conception that the erythrocytes adsorb phosphatids during their existence until the coefficient lipocytique is finally disturbed, higher unsaturated fatty acids (? linolenic acid) are set free and haemolysis follows. The rate of adsorption thus determines the term of life of the erythrocytes and this rate is influenced by various factors of which the diet is one of the most important.
The concentration of lipoids in the body is partly dependent on their supply in the food, though our knowledge of the relationship between lipoids in the food and blood lipoids is still very incomplete. While the mammalian organism appears capable of forming these substances synthetically, yet under normal physiological conditions the blood lecithins which are of vegetable origin are dependent on the concentration in the food. With a diet rich in cholesterin there is a corresponding increase in the blood, and at the same time the proportion of lecithin increases so as to maintain the equilibrium. Conversely, with an abundant supply of lecithin and fat the cholesterin concentration tends to become as high as possible.
One can imagine that when cholesterin is lacking in the food, its concentration in the blood falls and the lipocytic quotient becomes smaller. The lifetime of the erythrocytes is shortened, hwmolysis increases and so does the regeneration by the bone-marrow. If the lecithin is lacking in the diet, exactly the reverse happens. Generally one finds both lipoids together in the food, and a diet poor in fats shows as a rule a deficiency of both.
Since the phosphatids are much more easily reduced and participate much more in the intermediary processes of metabolism than does cholesterin, abnormal relations prejudicial to lecithin may readily arise. Mayer and Shaeffer found that in starving animals the coefficient in all organs and also in the blood became much greater. The erythrocytes have no opportunity to adsorb much lecithin, their term of life is lengthened while regeneration is slowed. Thus we find in hemolysis tests that the secondary resistance is high but that the primary remains constant; in fact the primary and secondary resistances are practically identical. Inanition has the same effect as washing the red corpuscles.
From these observations it follows that in the processes of blood destruction and regeneration it is not the concentration of the different lipoid and fat fractions that is the important factor but their mutual relations. This balance is to a great extent dependent on the nature of the diet. Confirmation of these results is afforded by determinations of the urobilin excretion under different diets; the excretion rises at once on a diet of oats or other food rich in lecithin, and falls considerably with starvation or on a diet of grass and turnips.
These facts also indicate that hiemolysis is the primary event and that regeneration follows if the bone-marrow is in good condition. Whether this physiological haemolysis occurs in the peripheral circulation, or is confined to certain organs such as the spleen, is a question we cannot now discuss.
Itnpulse to blood regeneration.-I have already mentioned that the impulse,to blood regeneration by the marrow can be afforded by the materials set free from destroyed erythrocytes, in conformity to Miyagawa's theory of auto-regeneration. This stimulation may be illustrated by a few simple experiments on animals published by Oka and Ono.
Two groups of rabbits were rendered anemic by bleeding; one group then received an injection of red blood-corpuscles htmolysed in distilled water, the other served as control. The treated animals showed a much more rapid recovery from anemia, with the appearance of large numbers of reticulocytes in the first five days. But, if a very large quantity of htemolysed red cells is injected, there is a marked regeneration for a few days only, followed apparently by a cessation of marrow activity. The rapidly ascending curve passes into a horizontal line even before the normal condition has been attained, while the number of reticulocytes falls below normal. This regeneration follows the injection of any kind of blood in the correct dose, but is greatest when homologous corpuscles are used.
The injection of whole blood (transfusion) provokes a good reaction but not so great as that following the use of hwemolysed corpuscles. Similarly the injection of hsemoglobin alone has an inferior effect to that of the cells.
As stated before, the diet exercises a great influence on the rate of regeneration. In animals which have been bled a certain degree of lipaemia always appears. It is not improbable that in this way the adsorption of lecithin to the remaining cells is accelerated and the subsequent haemolysis stimulates regeneration.
Several investigators have pointed out the haemopoietic action of bilirubin on animals rendered anmmic. In our experiments we confirmed this observation, but found that the response, like that to iron, was less than that produced by injection of homologous haemolysed red cells.
From the investigations of Akira, Oka and Ono from Miyagawa's clinic it appears that the cells of certain other organs possess a haemopoietic property. Since the end of the nineteenth century bone-marrow has been used for this purpose in various anamias. Ono reported that the injection of the distilled water autolysate of homologous marrow cells into normal rabbits causes marked hyper-erythrocytheamia with reticulocytosis. When the injections are too large the stimulation is excessive and the animal may become anemic. He thus proved the existence of auto-regulation of the function of the bone-marrow. Oka showed that animals rendered aniemic responded in similar fashion to moderate and to excessive doses.
In comparison with the reactions obtained by the use of lysed red cells and marrow cells, that of liver emulsions are much weaker: but here both small and large doses have a similar effect. Injection of splenic tissue has a different effect. Under this treatment recovery from anaemia tends to be slower than usual but the number of reticulocytes is increased in proportion to the degree of anaemia, indicating stimulation of the marrow. Further, this reticulocytosis is not a temporary phenomenon, as occurs after a large dose of erythrocytes or bone-marrow cells, but persists in proportion to the existing anaemia. This continued output of reticulocytes shows that the marrow function is not paralysed but stimulated. Thus we must infer that the anaemia present must be due to excessive hawmolysis, either by intensification of the natural process or through the production of large numbers of weak erythrocytes.
We have repeated the experiment and investigated the primary and secondary resistance of the erythrocytes as well as the excretion of urobilin. We found that priinary and secondary haemolysis lie far apart and that the proportion of young corpuscles present was very large, as occurs in haemolytic processes generally (e.g., during an attack of malaria). This conclusion was confirmed by a study of the urobilin excretion. Under the influence of splenic-cell injections this excretion was largely increased, being double that found in control animals.
Here again, the effect of diet should be taken into consideration, a, factor which Oka had omitted. The phenomena described by him are seen very clearly in rabbits fed on oats, but are less striking in grass-fed animals. These experiments confirm the general opinion that the spleen plays an important role in haemolysis, but the influence of diet is also a determining factor, although it is not clear how this co-operation will take place under physiological and pathological conditions. Eddy and others have held that the chief function of the spleen is to remove the weakened erythiocytes from the blood-stream and from their contents to produce a kind of secretion, the hormone of which, after modification in the liver, stimulates the bonemarrow to blood regeneration.
That this should be a specific property of the spleen is disproved by the results of splenectomy, when the functions of this organ are taken over by other tissues. Spleenless animals reacted almost as well as normal controls to the injection of homologous blood-cell emulsion. It follows that the decomposition products of erythrocytes, without being specially transformed in the spleen, directly enter the bone-marrow and stimulate its function.
From the results of these new methods of investigation it appears that food exercises a far more important influence on hwmolysis than that excised by the spleen' A closer study of diet, under physiological and pathological conditions, is desirable, for it is certainly the most important exogenic factor, acting every day on our organism, and from one generation to another. Moreover it is the factor that varies most among the different races spread over the world and outweighs the effects of climate, though one may conceive that the diet is influenced and regulated by climatological conditions. Ankylostoma anamia.-Reviewing the features of ankylostomiasis in the light of these haematological studies, we gain a good conception of this anaemia. We have seen: (a) That the daily excretion of urobilin is small, consequently the amount of blood destruction is less than usual. (b) That primary and secondary resistance are close together and that the fraction of newly made corpuscles is small, from which the conclusion can be drawn that the activity of the bone-marrow is lessened.
The term of life of the red cells is longer than normal. The theory that some time of toxin causes an increased destruction of blood can therefore be positively excluded. If there be a toxin which exerts a paralysing influence on the bonemarrow and spleen and so causes anaemia, as is held by many clinicians, we have no direct proofs of its existence.
We have good scientific grounds for paying more attention than has hitherto been given to the influence of the diet in hookworm anemia. Clinical observations have already shown this trend; thus Flu, Schuffner and Snijders in the Dutch East Indies have occasionally commented on this point. So also does Fulleborn, but only vaguely and without going further into the matter. Bates in Panama noticed that whites did not become anamic so quickly as negroes and thinks that this circumstance is connected with the differences in food.
In the numerous publications on hookworm of the Rockefeller Foundation, frequent reference is made to the importance of the diet. In the case of the natives of Java, where ankylostomiasis is rife, we find that their diet is frugal and has the following characters: a predominance of carbohydrates, less protein than in Europe. and that chiefly of vegetable origin; while the fats and lipoids are of subordinate value and are also derived mainly from the vegetable kingdom. This diet is found in its most pronounced form among the poorest stratum of the population, the very class which suffers from the severest sort of ankylostomiasis. From preceding observations we may conclude that this diet of the Javanese is responsible for a lessened amount of haemolysis and a comparatively inactive bone-marrow, in contrast to races where the composition of their food has led to an active metabolism of their red corpuscles. Small but regularly recurring losses of blood, which can easily be made good in a well-n6urished individual by a marrow prone to action, may lead to anaemia in ill-nourished persons.
But besides the nature of the diet, the absorption of food in the intestine plays a part. The hookworm attaches itself to the intestinal mucosa for its food supply and causes a local necrosis of the surface. We might describe the worm as grazing on the mucosa of the small intestine. The regeneration of the intestinal epithelium, as of the blood-cells and other tissues, is partly dependent on the diet. The better nourished the patient the more quickly will regeneration be accomplished. In poorly nourished persons the function of the intestinal mucosa will diminish to a great extent, and poor absorption of the contents of the bowel will result. Nonnenbruch showed that a slight irritation of the intestinal villi causes an increased absorption, while as soon as the irritation becomes stronger and before the mucosa is destroyed, the absorptive power diminishes quickly. The absorption of fats and lipoids is affected first, as in every intestinal disorder.
In practice we often see that the blood of a person (especially a European) after infection with hookworm, shows a tendency to remain normal for some time, even when the number of worms is constantly increasing, but later on anemia appears suddenly and progresses rapidly, when the effect of the infection becomes too great. This course has often been instanced in support of the toxin theory as opposed to the effect of chronic blood loss which should act gradually. But the diet and the effect of the grazing-off of the intestinal mucosa, leading to disturbed lipoid absorption, mav also explain the compensation in the first stage and the loss in the second period. We have tested the absorption of fat in cases of ankylostomiasis, and found it quite defective; this intestinal -function is only slowly restored after expelling the worms.
CONCLUSIONS. This evening I have discussed some blood diseases which apparently have little in common. But with regard to the first two, pernicious anemia and sprue (which do not occur among our natives in Java), I pointed out the increasing tendency to relate them to disturbances of diet and of the digestive organs. The question of lipoid metabolism (especially of the higher fatty acids) has often come into prominence in connection with pernicious anaemia and also with blackwater fever, where the increased htemolysis seems to be a concern of certain organs.
With regard to the anmmia of ankylostomiasis, so important to millions, I have come to the conclusion that from the nature of the diet and lipoid metabolism much can be explained that up to the present has been an open question to different investigators.
That food plays such an important r6le in maintaining the normal condition of the blood is certainly no new idea. When you read the second report of Sir Patrick Manson, written in 1873 in collaboration with his brother David when working at Takow (Formosa), we find that this great pioneer of tropical medicine gives a discussion of two forms of anaemia: (1) consequent upon malarial disease; (2) due to deficient and improper food. Their comments on the second form especially are of great interest, even with our present knowledge of blood destruction and regeneration.
In the dominion of blood diseases in the tropics are still many lacunae, but work along the lines indicated will find a tremendous field awaiting fertile study.
Discu88ion.-Dr. MANSON-BAHR said that Dr. de Langen was the champion of medical teaching on rational lines in the Far East. His aim was to have the Medical School in Batavia fully equipped in all departments for teaching the practice of medicine in the tropics. The students were taught to appreciate tropical medicine in its proper light and to distinguish between diseases caused by tropical parasites and those which very closely resembled them. Too often in this country this principle was missed and the students who left our tropical schools at the termination of their course believed that they would encounter only those diseases to which their attention had been recently directed, whereas students must remember that many of the illnesses common in Europe were also contracted in the Tropics-of course, with some notable exceptions.
The Medical School in Batavia was run on efficient modern lines. The examination papers and the standard of examination were the same as at Amsterdam and Utrecht, and the Dean of the School was in daily telephonic communication with the main centres in Holland, so that in many respects the examinations could be actually conducted from the Mother Country.
In order that the Professors of Medicine might not become overspecialized or too narrow in outlook, there was a yearly interchange of teachers between Holland and Batavia. This collaboration naturally threw open the avenues of research to the diseases peculiar to the tropics, and established as Professor de Langen had so ably shown in his address, a kind of " Comparative Medicine " from which much benefit was obviously to be gained. For instance, the blood-picture in the tropical anemias might be compared with that in those of strictly non-tropical origin, and estimations made of the response of these anaemias to various lines of treatment. Professor de Langen in his paper had shown the value of a diet of oats in the regeneration of the blood. Was it not possible that porridge would form a welcome addition to a dietary in the treatment of sprue ? This had, in fact, already been tried by various practitioners, but only in a limited way. Then there were the various bowel conditions, e.g., the different kinds of colitis which were as common in tropical countries as they were in temperate zones. The principles underlying the treatment of a bacillary dysentery and the drugs used to soothe the ulcerated surface were applicable to other forms of inflammation of the large intestine, and, of course, it was the same with the diet which is suitable for these diseases.
Dr. HAMILTON FAIRLEY said that we were in need of more team work on tropical anaemias carried out in the tropics, and that purely clinical observation unsupported by adequate laboratory data would no longer suffice. Our experience at the Hospital for Tropical Diseases in London differed somewhat from that of Dr. de Langen with regard to h*emoglobintemia in blackwater fever. If serial observations were made a variable degree of oxyhEemoglobinemia' was always found, and this, in certain cases at least, was quite comparable in intensity to that noted in fatal cases of incompatible transfusion. Methbemoglobin in smaller quantities was found in the plasma and urine of three out of four cases in which the patients had recovered, so that its presence was not restricted to fatal cases.
